The general second order system we consider is given by Here, we use < , >&dquo;. v to denote the usual (see Wloka, 1987) duality product obtained as the extension by continuity of the 77-ner product from H x V to V * x V, and Q, and a2 are sesquilinear forms on V satisfying V-ellipticity and continuity conditions. That is, we assume that ai and a2 satisfy If the sesquilinear forms 0&dquo;1 and Q2 satisfy conditions (7) and (8) with Ql symmetric and f E L2((O,T ), V*), then for each wo = (Yo ,y¡) E W = V x H, the initial value problem (6) has a unique solution w(t) = (y(t),ÿ(t» E L2((O,T),V X V). Moreover, this solution depends continuously on f and w. in the sense that the mapping (wo,f) -w = (y, y) is continuous from gc x L2«O,T),V*)
The solution of system (6) (1993) .
We have in Theorem 1 stated the well posedness of system (6) for f E L2((O, T), V*) in a weak variational setting. We can take an alternative (but as we shall see, equivalent) approach using the theory of semigroups (Showalter, 1977; Tanabe, 1979) . Since the sesquilinear forms 0&dquo;1 and Q2 are V-elliptic and continuous, we can define operators A, E I'(EV* ) in a standard manner by Here, /(EV* ) is the usual space of bounded linear operators from V to V *. The corresponding abstract equation for (6) is then given by
We will rewrite this second order system as a first order system for w (t) = (y(t),ÿ(t)y on a product space. We define the product space = V x V in addition to :7C = V x H above and observe that V* = V x V*. The first order system can be written as where F(t) = (0,f(t))T E V*IWo = (Yo ,y¡)T E -9-C and With the assumptions on or, and QZ given in Theorem 1, the operator Jt is the infinitesimal generator of an analytic semigroup .5T(t) on 9~* (see Bums, 1993) . Then, by definition, mild solutions of Equation (11) in 9~* are given by For computational efforts in control and estimation of these systems, it is an important result to note that the weak formulation and the semigroup formulation yield the same solutions (for proofs, see Banks, Ito, and Wang, 1993) .
Theorem 2 Suppose w. = (yo, y,)' E -9-C = V x H, f E L2((O, T), V*), and al and a2are given as in Theorem 1. Then (6) has a unique solution in L2«0,T), V x V) and it is given by the mild solution (13). Banks and Kunisch, 1989) Figure 1 .
In Table 1 Figure 5 for the time interval [3, 3.5] seconds. Similar experiments using excitation of the beam via a voltage across the PZT patches and observations with both the patches and accelerometers were also carried out (details will be reported elsewhere). Using this type of data, one can also estimate the piezoceramic material parameter KB.
Our preliminary investigation revealed that the mathematical model given in the first section predicts the dynamic response quite well. Moreover, the computational methods described herein are very useful in development of our understanding of how such models must be constructed. For example, in our parameter estimation studies, we discovered that modeling the material parameters e , EI, cvl as function of x is crucial in describing the experimental data with our Dosch, Inman, and Garcia, 1992 Banks and Ito, 1990 , for cases of unbounded B), R E )&dquo;'(U,V) = )&dquo;'( V) is self-adjoint and positive, and u is a U valued control function. System (26) is the version of Equation (11) with F(t) replaced by X8u(t ) where X8 = (O,B)T and B is an unbounded operator such that B E -,('(UV*). The operator A is again given as in Equation (12) where A, and A2 are defined through the sesquilinear forms ai and a, in Equation (9). As above, a,, &OElig;2 are assumed V-elliptic and continuous. Then, under standard assumptions (see Banks and Burns, 1993) this optimal control problem is well posed, i.e., given initial data wo G .5Y and u E L2((0, oo),U), the cost J(wo,u) is finite. In the following, we shall consider Equation (26) in the mild solution form [see Equation (13) (25) given by where n E -f'(V*, V) is the unique nonnegative solution to the operator algebraic Riccati equation and S(t) is the exponentially stable semigroup generated by A -f:í8R-1f:í8*n (for details, see Banks and Ito, 1990 We should point out that the size and position of the piezoceramic patches were chosen in our simulations so as to be in agreement with the experiments discussed in the previous section. Questions related to size and location of patches as well as implementation of feedback gains when only accumulated strain sensing (and not the entire state) is available are obviously quite important and will be the subjects of some of our future efforts.
